Abstract: The biomimetic oxidation of dihalogenated phenols employing TTN or electrolysis, effected the construction of a diaryl ether linkage, leading to the syntheses of isodityrosine natural products. In particular, the halogen substituents were found to control the oxidation-direction. The vancomycin derivatives were also synthesized, and their interaction to models of bacterial cell wall precursors were observed by NMR techniques, coupled with the theoretical calculations.
Introduction
Isodityrosine natural products, such as vancomycin 1 (ref. For instance, changing a direction of the diaryl ether moiety in K-13 known as an inhibitor of angiotensin I converting enzyme, caused decrease of its activity (ref. 6 ). Isodityrosine itself is a constituent of plant cell walls to contribute a cross-linked property of glycoprotein 
(extensin) (ref. 7). Its biosynthesis is considered to involve an oxidative coupling of two L-tyrosines. From viewpoints of synthetic methodology, the classic Ullmann reaction might be an efficient method to construct a diaryl ether linkage. Since the conditions require elevated temperatures with assistance of copper (I) salts, the synthetic studies on isodityrosine should employ rather simple substrates to effect the desired coupling in good yields (Scheme 1). The exceptional direct-approach by phenolic oxidation (ref.
7d) resulted in insufficient yields of isodityrosine and dityrosine which is also a component of glycoprotein of plant cell wall (ref. 9) . Accordingly, the biomimetic phenolic oxidation to diaryl ethers would demand a new idea. We disclose herein our synthetic investigation of vancomycin and related isodityrosine-class natural products by employing phenolic oxidation as a key step (ref. Among extensive investigations to isolate biologically and structurally valuable substances from marine sources, bastadins, second metabolites of the marine sponges, were reported to possess inhibitory activity against inosine 5' -phophate dehydrogenase (ref. 10). They consist of two tyramines and brominated phenylpyruvic acid oximes, which construct acyclic and 28-membered ring structures (Fig.  2) . Biogenetically, the former is considered to be a precursor of the latter, which may be cyclized by After elaboration of oxidation conditions to provide the 28-membered ring skeleton , the appropriately protected substrate 6 was submitted to the TTN oxidation to give dienones 7 and 8. Interestingly, the natural cyclization mode (7) Synthesis of isodityrosine was performed (ref. 14) , based on the methodology obtained in the synthesis of bastadins.
As an oxidation potential of dibromophenols was appropriate to the anodic oxidation, the dibromo derivative 10 was synthesized in two steps from L-tyrosine (89%) (Scheme 4). Compound 10 was submitted to anodic oxidation to provide the expected coupling product 11 (45%). The TTN oxidation also provided 11 in comparable yield. The three-step deprotection procedure gave isodityrosine in nearly quantitative yield. To evaluate the effect of halogen substituents, the diiodo-Ltyrosine derivative 12 was also synthesized in a similar manner, and submitted to anodic oxidation, followed by zinc reduction. Consequently, contrary to the case of 10, 12 gave diaryl 13 in 28% yield. The same deprotection procedure provided dityrosine in high yield. Accordingly, it appeared that halogen substituents at the o,o' -position of phenols control the oxidation mode: the dibromo derivatives give diaryl ethers, and diaryls are produced from the diiodo derivatives.
As an application of the halogen control, the bromo-chloro-L-tyrosine derivative 14 was synthesized, as can be seen in Scheme 5. Electrolysis of 14, followed by zinc reduction furnished diaryl 14 15 16 Scheme 4.
ether 15 in 41% yield, whose structure was unambiguously determined by mass spectrometry. Interestingly, the difference in oxidation potentials of bromine and chlorine determined the position of the ether linkage exclusively at the bromine side. Catalytic hydrogenolysis of 15 effected selective removal of the N-protective group and bromine atoms to produce dichloroisodityrosine 16, which looks like an oxidation product of a monohalogenated derivative. Usually, both anodic and TTN oxidations of such compounds afford a mixture of oxidation products in relatively low yields (ex. ref. 12).
Synthesis of Isodityrosine Natural Products
The effect of halogen substituents was also utilized to control the directions of intramolecular cyclization reactions mediated by TTN oxidation. As depicted in Scheme 6, upon TTN oxidation of a compound carrying different halogen couples, the ether linkage was introduced at a halogen atom of weaker electron negativity. For instance, A possessing Br and I atoms affords B with two bromine and one iodine atoms. This chemoselectivity has been observed in our syntheses of isodityrosine natural products involving K-13 (ref. 15 In addition to construction of the diaryl ether linkage, another problem to be solved for completion of the vancomycin synthesis is the specific introduction of a chlorine atom to the desired position of the diaryl ether moieties. The first example is the cyclic diaryl ether carrying a chlorine atom, which was synthesized by monochlorination of a diaryl ether derivative, followed by introduction of stereogenic centers, and cyclization (ref. 
Synthesis of Secoaglucovancomycin Derivatives
Based on the above-mentioned investigation of isodityrosine-class natural products, we initiated chemistry of vancomycin, as part of extensive application of our own phenolic oxidation methodology. Recent studies pertinent to this antibiotic include (1) SNAr approach: diaryl ether linkages of the ring system is produced by an intramolecular coupling of a fluoro-nitrobenzene with a phenol under mild basic conditions (ref. 23 ). (2) Rama Rao' s protocol, in which a diaryl ether linkage was produced by a Michael-type addition of the appropriate phenol derivative to dibromoquinone, followed by abstraction of bromine atoms. Subsequent introduction of an asymmetric carbon to the quinone moiety provides the seco-type aglucovancomycin derivative (ref. 22 ). An other is (3) the copper-supported triazene approach by Nicolaou (ref. 26) . Recently, Evans accomplished the synthesis of the tricyclic skeleton of vancomycin congeners by employing our TTN oxidation methodology and the SNAr reactions (ref. 27). Regarding the Evans modification of the reaction cascade with CrC12, instead of Zn -AcOH, a significant point to control the yield of this reaction should be the ring size of the product, and a strain derived from stereochemistry of the substrate, as shown in our review (ref. 6). (X= Br, 42%; X= Cl, 40%), whose structure was confirmed by the spectroscopic data involving mass spectrum.
After deprotection of the N-terminal protective group under acidic conditions , the resulting ammonium salt was submitted to a peptide chain homologation to yield 27. The second cyclization with the same TTN conditions (X= Br, 35%; X= Cl, 40%), followed by appropriate deprotection , provided the desired derivatives 28 (X= H) and 29 (X= Cl).
Stereochemistry of Secoaglucovancomycin and its Interaction with the Cell-Wall Models
Structures of biologically active substances in solution generally give considerable information for elucidation of their mode of action. In addition to X-ray crystallographic analyses , NMR techniques, coupled with theoretical calculation, are known to be a powerful method to achieve this purpose . Accordingly, the 1H NMR data of the synthesized derivatives (28, 29) were assigned by DOF-COSY .
HOHAHA, and ROESY techniques. (Fig . 6) (ref. 33) . These properties of 28 and 29 ascribed to lack of the rigid biphenyl moiety, will open up the possibility of a new mode of action against the resistant strains (ref. 34) . Since aglucovancomycin 30 exhibited lower antimicrobial activities than the mother antibiotic, a sugar moiety will be required to evaluate the activities of the synthesized derivatives. 28 29 4. Conclusion
The motif of this investigation was obtained by the synthesis of bastadins possessing bromine substituents at the o-positions of phenol moieties . It appears that halogen substituents control the oxidation potentials and the oxidation mode to diaryl ethers or diaryls . Based on these findings, the TTN or anodic oxidations of the corresponding o ,o -dihalogenated phenols provided isodityrosine natural products, such as isodityrosine, dityrosine, K-13, OF-4949 III, and piperazinomycin. Further study 
